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A PROCESS FOR THE PREPARATI ON OF 1 . 4 , 7 , 10-TETRAAZACYCLO- 
DQDECANB 

The present invention relates to a process for the 
preparation of 1,4,7 ,10-tetraazacyclododecane (I) 
starting from decahydro-2a , 4a , 6a , 8a-tetraazacyclopent- 
[f g]acenaphthylene (II): 

rv h n /— \ /H 

eg — c p 

TO (I) 

The compound of formula (II) can be prepared by 
cyclization of the intermediate (III), octahydro-3H,6H- 
2a / 5 / 6 / 8a-tetraazacenaphthylene / which can in its turn 
be prepared from triethylenetetramine and glyoxal, as 
disclosed in International Patent application WO 
97/49691 and in Italian Patent application MI96A001257, 
or from two moles of ethylenediamine through the 
intermediate of formula (IV), according to the following 
scheme : 
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Scheme 1 



5 



10 




in which step a) represents the condensation step 
of triethylenetetramine (or ethylenediamine ) with 

15 glyoxal, in water or in water-soluble solvents or in 
mixtures thereof, at a temperature ranging from 0 to 
50 °C, in the presence of stoichiometric amounts or 
slight excesses of calcium hydroxide, to give the 
compound of formula (III) or (IV); and step b) 

20 " represents, on the other hand, the condensation of the 
compound of formula (III) or (IV) with an alkylating 
agent X-(CH 2 ) 2 -X, in which X is a halogen or a sulfonic 
acid reactive derivative, in at least stoichiometric 
amounts, in the presence of at least 2 moles of a base 

25 selected from alkali or alkaline-earth metal carbonates 
per mole of compound (III), at a temperature of 25- 
150°C, to give the compound of formula (II). 

The intermediate (II) has a remarkable stability in 
hydrolytic conditions, contrary to the common diaminals 

30 which are easily hydrolyzed: 
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For example, publications by Weisman (Tetrahedron 
Lett., 1980, 21, 335) and by Kolinski (Tetrahedron 
Lett., 1981, 22, 2217), concerning the synthesis of (II) 
starting from (I) and glyoxal, confirm the exceptional 
stability of (II) to acid or basic hydrolytic conditions 
as well as to reducing agents. 

In order to cleave the two carbon atom-bridge which 
characterizes (II), therefore to obtain (I), an 
oxidizing process has been described in the already 
cited Italian Patent application MI96A001257, which 
allows to transform (II) into oxidation products which 
can subsequently be transformed into (I) by basic 
hydrolysis. The whole process from (II) to (I), 
described in MI96A001257, consists of two steps: 

1) oxidation of (II) 



2) hydrolysis of the products from the oxidation of 

(ID 



Alternatively to the oxidative cleavage, W096/28432 




c) oxidation 

► 

d) hydrolysis 




<n) 
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suggests the direct hydrolysis of (II) with hydrobromic 
acid, or with hydroxylamine in ethanol solution under 
reflux. 

Hydrolysis treatment with hydrobromic acid, not 
5 exemplified in W096/28432, is apparently in disagreement 
with the teachings of literature, which point out the 
unexpected stability of compound of formula (II) in acid 
or basic aqueous solutions. 

On the other hand, the reaction with hydroxylamine 
10 requires strong excesses of the latter (10 eq. mol) as 
a free base in ethanol under reflux. 

These conditions, although acceptable on laboratory 
scale, are however not very useful for the industrial 
processes, as hydroxylamine is quite dangerous 
15 (specially when hot) and requires careful handling, use 
and discharge. 

Hydrolysis conditions for (II) which are as 
selective as possible and, at the same time, the 
simplest and most cost-saving, should therefore be found 
20 to improve the process for the preparation of (I) via 
(II). 

Now it has surprisingly been found, and this is the 
object of the present invention, a process for the 
preparation of (I) starting from (II), comprising a 
25 hydrolysis step in aqueous solution, in conditions of 
slightly acid, neutral or slightly basic pH, with a 
primary diamine of formula (V), as represented in the 
following Scheme: 
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to 

in which 

x ranges between 0 and 2, and 
10 Q is -CH 2 CH(OH)CH 2 - / or -(CH 2 ) 2 NH(CH 2 ) 2 ~, or 

-[(CH 2 ) 2 NH] 2 (CH 2 ) 2 ^ when x is 1, or 
Q is -CH 2 - when x is 2. 

In the general formula, x can be 0, 1 or 2. In the 
first case, the diamine corresponds to hydrazine. 
15 In the other cases, the nature of the diamine 

depends on the nature of Q, as schematized in the 
following: 

x Q Diamine 

0 - Hydrazine 

20 1 -CH 2 CH(OH)CH 2 - 1 , 3-Diamino-2-propanol 

1 - ( CH 2 ) 2 NH ( CH 2 ) 2 - Diethylenetr iamine 

1 C ( CH 2 ) 2 NH] 2 ( CH 2 ) 2 Tr iethylenetetramine 

2 ~ CH 2~ Ethylenediamine 

The reaction is extremely selective, allowing not 
25 only to obtain high quality (I) in good yields, by also 
to recycle, in some cases, the reaction by-products, as 
they can easily be retransf ormed into (II). 

The reaction takes place in water, in a pH range 
from 5.5 to 9, preferably from 6 to 8, at temperatures 
30 from 60 to 150*0, preferably 60 to 100°C, in the 
presence of 2-20 mol of diamine per mol of (II), at 
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normal pressure under inert gas atmosphere or in the 
air, for 12-48 h, or under pressure, for 3-10 h. 

At the end of the reaction, the solution is 
alkalinized with a base, such as sodium hydroxide, 
5 concentrated to small volume or to a residue, then (I) 
is extracted with a suitable solvent, such as toluene, 
chloroform, butanol, amyl alcohol. The organic phase is 
concentrated to a residue, to obtain the crude 
macrocycle (I), which is finally recrystallized from 
10 toluene or ethyl acetate* 

When the extraction solvent is toluene, it is 
sufficient to concentrate the toluene solution to a 
suitable volume, then crystallize the macrocycle (I). 

Depending on the diamine used, more developed 
15 processes can be defined, providing for the recovery of 
the reaction by-products. 

For example, in the case of triethylenetetramine , 
the reaction gives (I) and (III), according to the 
scheme below: 

20 




_ H 

25 w (i) (m) 

Toluene mother liquors coming from crystallization 
of (I), substantially containing (III) and 
triethylenetetramine excess, can be concentrated to a 
30 residue, which is in its turn redissolved in water and 
reacted with glyoxai in the conditions described in 
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MI96A001257, so as to obtain (III), which can optionally 
be purified, then is transformed into (II) according to 
the procedure reported in MI96A001257 and finally 
recycled into the process. 

In the case of ethylenediamine , the hydrolysis 
reaction of (II) also gives recyclable by-products: 



Compound (IV) can also be recovered from toluene 
mother liquors and retransf ormed into (II), as already 
described in MI96A001257. 



Some preparation examples according to the method 
of the invention are reported in the following 
experimental section 
Example 1 

Preparation ol LU to hydrolysis oi (in with 

diethvlenetriamine . 

50 g of (II) (0.257 mol) are dissolved in 350 ml 
of water. 132.5 g of diethylenetriamine (1.285 mol) are 
added and pH adjusted to 8 with cone. HC1 (265 g). The 
resulting solution is refluxed for 24 h, then cooled, 




CO 



(IV) 
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alkalinized with NaOH in pellets, concentrated under 
vacuum to a residual weight of 350 g and extracted (I) 
with toluene. The combined organic extracts are 
concentrated to an about 90 mL volume and left to 
5 crystallize. 31.5 g of high quality 1,4,7,10- 
tetraazacyclododecane are obtained (GC titre: 99.5%). 
Yield. 71%. 
Example 2 

Hydrolysis of (II) with triethylenetetramine and 

10 recovery of the reaction fry-productSt 

50 g of (II) (0.257 mol) are dissolved in 350 ml 
of water. 105 g (0.640 mol) of triethylenetetramine 
monohydrate are added and pH is adjusted to 7.5 with 
cone. HC1. The resulting solution is refluxed for 18 h, 

15 then cooled, alkalinized with NaOH in pellets, 
concentrated under vacuum to a 330 g residual weight and 
repeatedly extracted with toluene. The combined organic 
extracts are concentrated under reduced pressure to 
about 120 mL and left to crystallize. 29.4 g of good 

20 quality 1 , 4 , 7 , 10-tetraazacyclododecane are obtained (GC 
Tit.: >98.5%). Yield: 66%. 

Toluene mother liquors are concentrated to a 
residue, which is redissolved in water. The content in 
triethylenetetramine and in (III) is determined by GC 

25 analysis. Glyoxal and calcium hydroxide are added in 
amounts such as to transform triethylenetetramine into 
(III), according to the conditions described in MI 96A 
001257. After completion of the reaction, the inorganic 
salts are filtered off, the filtrate is concentrated to 

30 a residue and added with hexane, any insolubles are 
filtered off and the solution is concentrated to 
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dryness. 67.2 g (0.40 mol) of (III) are obtained, which 
can be used to prepare (II) according to the procedure 
described in MI 96A 001257. 
Example 3 

5 Hvdrolvsis of (II) with ethvlenediamine a nd recovery of 

the reaction by-products. 

50 g of (II) (0.257 mol) are dissolved in 300 ml 
of water. 157.5 g of ethylenediamine (2.57 mol) are 
added and pH is adjusted to 8 with cone. HC1 (310 g). 

10 The resulting solution is refluxed for 18 h, then 
cooled, alkalinized with NaOH in pellets, concentrated 
under reduced pressure to 400 g and repeatedly extracted 
with toluene. The combined organic extracts are 
concentrated to a 100 mL volume and left to crystallize. 

15 24.8 g of high quality 1 , 4 , 7 , 10-tetraazacyclododecane 
are obtained (GC titre: >99%). Yield: 56%. 

Toluene mother liquors are concentrated under 
reduced pressure. The residue is subjected to 
chromatography on silica (eluent: chloroform :me- 

20 thanol:25% ammonia = 6:3:1). 21 g (0.148 mol) of (IV) 
are obtained, which can be retransf ormed into (II) in 
the conditions described in MI 96A 001257. 
Example 4 

Hvdrolvsis of (II) with various diamines a t various pH 

25 and tem peratur es t . 

19.4 g (0.1 mol) of (II) are hydrolyzed with a 
similar procedure to that described in example 1, using 
the diamines and the conditions reported in the 
following table: 
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Diamine 

Hydrazine 
5 Hydrazine 
Ethylene- 
diamine 
Ethylene- 
diamine 

10 Ethylene- 
diamine 
Diethylene- 
triamine 
Diethylene- 

15 triamine 

Diethylene- 
triamine 
Triethylene 
tetramine 

20 Triethylene 
tetramine 
Triethylene 
tetramine 
1,3-Diamino 

25 2-propanol 
1 , 3-Diamino 
2-propanol 



PCT/EP98/02222 

10 

mol/mol pH T (°C) t (h) % Yield 
(ID 



20 7 100 24 60% 

10 6.5 100 48 55% 

10 6.5 100 18 52% 

8 7 80 24 45% 

10 5.5 100 18 42% 

4 7.5 80 24 58% 

6 6.5 100 12 62% 

6 8 60 48 65% 

4 6 80 24 55% 
2 8 100 48 62% 
2 9 100 48 57% 
6 7 100 24 51% 

5 8 100 18 48% 
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CLAIMS 



1. A process for the preparation of 1,4,7,10- 
tetraazacyclododecane of formula (I) starting from 

5 decahydro-2a , 4a , 6a , 8a-tetraazacyclopent [ f g ] acenaphthy- 
lene of formula (II): 

/1T\ (Q)—NH 2 H^/ \ >H 

^N^[^N^ x J2k NCI 

\ H f (V) ^ p H 

GD © 

comprising a direct step of hydrolysis in aqueous 
15 solution, in conditions of slightly acid, neutral or 
slightly basic pH, with a primary diamine of formula 
(V), 

wherein: 

x ranges between 0 and 2, and 
20 Q is -CH 2 CH(OH)CH 2 -, or - ( CH 2 ) 2 NH( CH 2 ) 2 ~ / or 
-[(CH 2 ) 2 NH] 2 (CH 2 ) 2 ^ when x is 1, or 
Q is -CH 2 - when x is 2. 

2. A process according to claim 1, in which the 
diamine is selected from the group of: diethylene- 

25 triamine, triethylenetetramine and ethylenediamine . 

3. A process according to claims 1-2, in which the 
hydrolysis reaction is carried out in water, at a pH 
from 5.5 to 9, at temperatures ranging from 60 to 150°C, 
preferably 60 to 100°C, in the presence of 2-20 mol 

30 of diamine per mole of (II), at normal pressure under 
inert gas atmosphere or in the air, for 12-48 h, 
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12 

or under pressure, for 3-10 h. 

4. A process according to claim 3, in which the 
reaction pH ranges from 6 to 8. 

5. A process according to claims 1-4, in which the 
diamine is triethylenetetraamine, represented in the 
following scheme 




4 AT\ 




in which compound of formula (III)/ octahydro-3H, 6H- 
2a , 5 , 6 , 8a-tetraazacenaphthylene , is simultaneously 
15 formed, which is an intermediate useful for the 
preparation of the compound of formula (II), decahydro- 
2a , 4a , 6a , 8a-tetraazacyclopent [ f g ] acenaphthylene , 
according to known methods. 

6. A process according to claim 5, in which the mother 
20 ' liquors from the crystallization of the compound of 

formula (I), substantially containing the compound of 
formula (III) and the triethylenetetramine excess, are 
concentrated to a residue, which is in its turn 
redissolved in water and can be used as an intermediate 
25 for the preparation of the compound of formula (II), 
according to known methods. 

7. A process according to claims 1-4, in which the 
diamine is diethylenetriamine . 

8. A process according to claims 1-4, in which the 
30 diamine is ethylenediamine , according to the following 

scheme 
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in which compound of formula (IV), decahydro- 
pyrazino[2,3-b]pyrazine, is simultaneously formed, which 
is an intermediate useful for the preparation of the 
10 compound of formula (II), decahydro-2a,4a,6a,8a-tetra- 
azacyclopent [ f g]acenaphthylene , according to known 
methods . 

9. A process according to claim 8, in which the mother 
liquors from the crystallization of compound of formula 
15 (I), substantially containing compound of formula (IV), 
are concentrated to a residue, which is in its turn 
redissolved in water and can be used as an intermediate 
for the preparation of compound of formula (II), 
according to known methods. 
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